ducted on cell-free fractions from a thermophilic bacterium designated as National Canners Association strain 2184 and tentativelv identified as Bacillus stearothermophilus Donk (1920) , (Militzer et al., 1949 (Militzer et al., , 1950 Georgi et al., 1951; h'Iarsh and Militzer, 1952) . Preparatory to extending these investigations to other thermophilic bacteria, 24 strains of aerobic, sporeforming bacteria, which grew at 65 C or higher, were isolated from the thermal areas of Yellowstone National Park. Gordon and Smith (1949) in their taxonomic study of thermophilic bacteria reported that strains of B. stearoth.erinophilus were the only organisms in their collection capable of growth at 65 C. A preliminary attempt to characterize the Yellowstone strains, along with 6 National Canners Association strains, showed that a number of them differed significantly from the characters ascribed to B. stearothermophilus.
The objectives of this paper are to report on the characterization of the Yellowstone isolates and to call attention to the possibility that sufficient differences may exist among strains of thermophilic bacteria capable of growth at 65 C to warrant definite strain, if not species, designation.
MIEDIA AND METHODS
The media and methods employed were essentially those described by Gordon and Smith (1949) except for a few modifications and additions which are described below.
Lysozyme sensitivity. The observations on lysozyme action were included because MIilitzer and co-workers (1949) employed this method of obtaining the cell granule preparations used in their enzymatic studies. National Canners Association strain 2184 was used as a standard of comparison in determining whether the other strains were sensitive to the enzyme and whether similar cell granules were released upon lysis.
Determinations of sensitivity were made by mixing a loopful of the cells with one drop of a solution of 1.0 per cent lysozyme (Armour Laboratories) in 0.9 per cent saline. A cover slip then was placed over the preparation and the lytic process observed under oil immersion using phase contrast equipment. Anaerobic growvth. Knight and Proom (1950) reported that Bacillus coagulans showed growth under anaerobic conditions. For this reason it was thought that anaerobic growth might be an additional means of separating the B. stearothermophilus group from the B. coagulans group.
The cultures were streaked on plates of nutrient agar and placed in an ordinary 12 quart aluminum pressure cooker containing a paladinized asbestos catalyst. The vessel then was evacuated, filled with hydrogen gas, evacuated a second time, and finally nearly filled with a gas mixture of 90 per cent hydrogen and 10 per cent carbon dioxide. A small residual vacuum was left in order that the effectiveness of the seal on the vessel could be tested before opening it for observation. The cultures were incubated at 65 C for 1 to 3 days.
Growthl temperatures. Cultures were inoculated on nutrient agar slants and incubated at the desired temperatures. At the higher temperatures (50 C to 75 C) incubations were carried out in both air and water baths. Actual media temperatures were verified in each experiment by the insertion of thermometers directly into agar slants which were placed in various parts of the 193 incubator. Incubation periods at 45 C and higher were 1 to 3 days. At temperatures below 45 C cultures were incubated for 7 days. pH of glucose broth cultures. The pH of the glucose broth cultures was determined after 7 days' incubation at 65 C by means of a glass electrode pH meter.
corded at each point where isolations were made. The material was transferred directly to nutrient agar slants by means of a pipette or wire loop, and the cultures, after incubation at 65 C for 16 to 18 hours, were streaked on nutrient agar plates which also were incubated at 65 C. Representative, isolated colonies were selected and The growth differences among these rapidly growing thermophilic organisms are most clearly apparent in 16 to 18 hour cultures, and it is important that young cultures be used as a source of inoculum.
Observations on lysozyme action showed that all strains were lysed by this enzyme; however, the nature of the cell-free preparations resulting from lysis appeared to differ from strain to strain. Some strains released granules similar to those obtained from National Canners Association strain 2184, while others appeared to break up completely.
DISCUSSION
Analysis of the results showed that there was a general conformity among the 30 strains with the characters ascribed to B. stearothermophilus. There were, however, marked differences exhibited by 8 of these strains, which related them more closely, in some respects, to B. coagulans than to B. stearothernwphilus.
The principal means of separating B. stearothermophilus from B. coagulans as reported by Gordon and Smith (1949) The observations on lysozyme action show that one cannot select at random any of the organisms capable of growth at 65 C and from it obtain a cell granule preparation corresponding to that from National Canners Association strain 2184.
As Smith, Gordon, and Clark (1946) have stated so aptly, the knowledge of the investigator is limited to his collection of strains. Accordingly, it should be emphasized that the present study is limited because only 30 strains were characterized. The 24 strains from Yellowstone National Park do not represent a true cross section of the bacterial flora of the thermal areas because cultures were not obtained from all of the springs, and the method of isolation excluded any organism not able to grow at 65 C. Furthermore, no studies have been made yet on the anaerobic cultures obtained from this region.
Because of the current interest in biochemical and cytological investigations of thermophilic organisms, and in view of the strain differences described above, it seems desirable that broader, more complete studies of the B. stearothemophilus group should be conducted, with the objective of further strain differentiation and possibly even new species designation.
